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An oscillatbi^having a fundamental frequency and having low phase noise 
comprising: 

a frequency dependent amplifier; 

a frequency dependeht feedback device in communication with an 
output of said frequencyjdependent amplifier and an input of said 
frequency dependent amplifier; and 
an attenuating device in communication with said frequency 

dependent amplifier to attenuate noiss signals having a frequency 
much less than the fundamental frequency 

2. The oscillator of claim 1 wherein said attenuating device has a 

characteristi\such that the fundamental frequency is from approximately 
•en times to twenty times a high pass bandwidth of a combination of the 
is frequency dependent amplifier and the attenuating device. 



The oscillator of claim 1 wherein said amplifier amplifies an input by a 
predetermined gain faqtor, and 

wherein-saidfrequency-dependent-feedback-device-comprises: — 



20 Set t£ r a frec l uenc y dependen\gain determining in communication with said 
amplifier, wherein a r^aximum gain of said frequency dependent 
amplifier occurs at the fundamental frequency. 
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The oscillator of claim 3 wherein said amplifier comprises: 

a pair of cross-coupled MOS transistors having a drain of each of said 
pair \f cross-coupled MOS transistors being in communication with 
a gate\of the other of said pair of cross-coupled MOS transistors 
and to ataorresponding terminal of said frequency dependent gain 
determining impedance; 
a first current\ource having a first terminal in communication with a 
source of a first one of said pair of cross-coupled MOS transistors 
and to a first terminal of said attenuating device; and 
a second current\ource having a first terminal in communication with 
a source of a second one of said pair of cross-coupled MOS 
transistors and to\a second terminal of said attenuating device. 

The oscillator of claim 3 wherein said frequency dependent gain 
determining impedance comprises: 

at least one inductor in communication with said amplifier and a first 
terminal of a voltage source; and 



at least one capacitor in conyiunication with said amplifier and a 
second-terminal of-the-voltage-source, 



The oscillator of claim 4 wherein said attenuating device comprises a 



capacitor. 
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Tfte oscillator of claim 3, further comprising a second attenuating device, 
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and^ 



wnerein said amplifier comprises: 

a firs\pair of cross-coupled MOS transistors of a first conductivity type 
havmg a drain of each of said first pair of cross-coupled MOS 
transistors being in communication with a gate of the other of said 
first painof cross-coupled MOS transistors and to a corresponding 
terminal onsaid frequency dependent gain determining impedance; 

a first current soWe in communication with a source of one of said 
first pair of cross-coupled MOS transistors of the first conductivity 
type and with a first terminal of said attenuating device; 

a second current sourcfe in communication with a source of a second 
one of said first pair o\cross-coupled MOS transistors of the first 
conductivity type and wi^i a second terminal of said attenuating 
device; 

a second pair of cross-coupled \{\OS transistors of a second 

conductivity type whereby a drain of each of said second pair of 
cross-coupled MOS transistors iskconnected to a gate of the other 
of-said-second-pair^ 



terminal of said frequency dependenfkjain determining impedance; 
a third current source in communication with a source of one of said 
second pair of cross-coupled MOS transistors and with a first 
terminal of said second attenuating device; and 
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a fourth current sourctsjn communication with a source of the other of 
said second pair of crSs^coupled MOS transistors of the second 
conductivity type and with a\urth second terminal of said second 
attenuating device. 



8. 



The oscillator of claim 7 wherein said attenuating device comprises a first 



capacitor 



9. The oscillatorW claim 7 wherein said second attenuating device 
comprises a second capacitor. 



10. An LC Villator having a fundamental frequency and having low phase 
noise comprising: 

a frequencyNtependent amplifier comprising: 

a pair ofWoss-coupled MOS transistors of a first conductivity 
type, a drain of each of said pair of cross-coupled MOS 
being in communication with a gate of the other one of said 
pair of cross-coupled MOS transistors, 
a-first-current-soureeHn^Qmmunication-witto-a_sourc e of one of 

said pair of cross-couple\MOS transistors, and 
a second current source in communication with a source of 
another of said pair of cross-coupted MOS transistors; 
a frequency dependent gain determining circuifvcomprising 
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a first inductor in communication with the drain of said one of 
said pair of cross-coupled MOS transistors and a first 
terminal of a voltage source, 
a second inductor in communication with the drain of the other 
o\said pair of cross-coupled MOS transistors and the first 
terminal of the voltage source, 
a first csLcitor in communication with the drain of said one of 
said okaid pair of cross-coupled MOS transistors and a 
second terminal of the voltage source, and 
a second capVcitor in communication with the drain of the other 
of said pair\f cross-coupled MOS transistors and the 
second terminal of the voltage source; and 
an attenuating circuit in communication with said frequency 
dependent amplifier^ reduce the gain of signals having 
frequencies less thanVe fundamental frequency to decrease 
the phase noise, whereto said attenuating circuit comprises a 
third capacitor in commutation with said first and second 
current sources. 



20 11. 



The LC oscillator of the claim 1 0 wherein\said attenuating device has a 
characteristic such that the fundamental frequency is from approximately 
ten times to twenty times a high pass bandwWi of a combination of said 
frequency dependent amplifier and said attenuating device. 
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12. The LC oscillafcQr of the claim 1 0 wherein said amplifier further comprises: 
a second pair^f cross-coupled MOS transistors of a second 

conductivity typeXeach having a drain connected to a gate of the 

other of second paingf cross-coupled MOS, 
a third current source in coimnunication with a source of one of said 

second pair of cross-coupled^lOS transistors, and 
a fourth current source in communication with a source of the other of 

said second pair of cross-coupled MO; 



1 3. The LC oscillator of claim 1 2 wherein said attenuating circuit further 

comprises a fourth capacitor in communication with said third and fourth 
current sources! 



15 14. An RF communication device comprising: 

an oscillator havihg a fundamental frequency and having low phase 
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noise comprising? 

a frequency dependent amplifier; 

a~frefluency dependVnrfeedback devicein communieatiorvwith 

an output of said frequency dependent amplifier and an 
input of said frequency dependent amplifier; and 
an attenuating device in communication with said frequency 

dependent amplifier to attenuate noise\signals having a frequency 
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rn\ch less than the fundamental frequency 



1 5. The RF communication device of claim 14 wherein said attenuating 
device has a characteristic such that the fundamental frequency is from 
approximately ten timesNto twenty times a high pass bandwidth of a 
combination of the frequency dependent amplifier and the attenuating 
device. 

1 6. The RF communication device of clairn\l 4 wherein said device comprises 
an RF transmitter and said oscillator comprises a carrier oscillator to 

provide a carrier frequency signal for said RF transmitter. 



/\ 1 7. The RF communication device of claim 1 5 wherein said device comprises 
an RF receiver and saia oscillator comprises a local oscillator to 
demodulate a carrier frequency signal received by said RF receiver. 



15. 



1 8. The RF communication device of claim 1 5 wherein said amplifier amplifies 
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an input signal by a predetermined gain factor, and 

wherein-said-frequeney-deeendent-feedbaek-deviGe^omprises: 

a frequency dependent gain determining impedance in 



communication with said amplifier, wherein a maximum gain 



of said frequency dependent amplifier occurs at the 
fundamental frequency. 
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1 9. The RF communication device of claim 1 8 wherein said amplifier 
comprises: 

a pair of crok-coupled MOS transistors having a drain of each of said 
pair of cross-coupled MOS transistors being in communication with 
a gate of the other of said pair of cross-coupled MOS transistors 
and to a corresponding terminal of said frequency dependent gain 
determining impedance; 

a first current source having a first terminal in communication with a 
source of a firsApne of said pair of cross-coupled MOS transistors 
and with a first terminal of said attenuating device; and 

a second current source having a first terminal in communication with 
a source of a second one of said pair of cross-coupled MOS 
transistors and with sLecond terminal of said attenuating device. 



20. 
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The RF communication devicelpf claim 18 wherein said frequency 
dependent gain determining impedance comprises: 

at least one inductor in communication with said amplifier and a first 



Terminarof-avoltage-sourcei-and 



V 



at least one capacitor in communication with said amplifier and a 
second terminal of the voltage^ source. 



21 . The RF communication device of claim\l 9 wherein said attenuating device 
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comprises kcapacitor. 



22. The RF communication device of claim 1 9 further comprising a second 
attenuating device, and 

wherein said amplifier comprises: 

a first pair (Across-coupled MOS transistors of a first 

conductivity type having a drain of each of said first pair of 
cross-coup\ed MOS transistors being in communication with 
a gate of thie\other of said first pair of cross-coupled MOS 
transistors anchto a corresponding terminal of said frequency 
dependent gain^determining impedance; 
a first current source Vi communication with a source of one of 
said first pair of croWcoupled MOS transistors of the first 
conductivity type and\with a first terminal of said attenuating 
device; 

a second current source in^ommunication with a source of a 
second one of said first pair of cross-coupled MOS 



transistors of the first conductivity type and with a second 

terminal-of-said-attenuating-device^ 

a second pair of cross-coupled MOS transistors of a second 



conductivity type wherein a draiW each of said second pair 
of cross-coupled MOS transistors\is connected to a gate of 
the other of said second pair of cross-coupled MOS 
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transistors and to one terminal of said frequency dependent 
gain determining impedance; 
a mird current source in communication with a source of one of 
\aid second pair of cross-coupled MOS transistors and with 
atfirst terminal of said second attenuating device; and 
a fourth current source in communication with a source of the 
other of said second pair of cross-coupled MOS transistors 
of th\second conductivity type and to a fourth second 
terminal of said second attenuating device. 

23. The RF communicatbLevice of claim 22 wherein said attenuating 
device comprises a first capacitor. 



24. The RF communication de\ice of claim 22 wherein said second 
attenuating device comprises^ second capacitor 



A frequency transferring apparatus having low phase noise compnsing: 
a first oscillator havinV first fundamental frequency comprising: 

a"firsrfrequencydep^ndent-amplifien 

a first frequency depende^tfeedback device in communication 
with an output of said firstWjency dependent amplifier 
and an input of said first f requenbydependent amplifier; and 
a first attenuating device in communication™^ said first 
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frequency dependent amplifier to attenuate noise signals 
having a frequency much less than the first fundamental 
frequency; 

a second\scillator having a second fundamental frequency 

comprising: 

a second frequency dependent amplifier; 
a secondVequency dependent feedback device in 

communication with an output of said second frequency 
dependenkamplifier and an input of said second frequency 
dependent amplifier; and 
a second attenuating device in communication with said second 
frequency depenctent amplifier to attenuate noise signals 
having a frequencyVnuch less than the second fundamental 
frequency; and 

a frequency dependent coupling cftcuit having a third fundamental 
frequency in communication within output of the first oscillator and 
an input of the second oscillator, said frequency dependent 
coupling circuit comprising: 



"athirdfrequency amplifierrand 

a second attenuating device in communication with said third 
frequency dependent amplifier to attenuate noise signals 
having frequencies much less than the tWd fundamental 
frequency. 
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26. The frequency transforming apparatus of claim 25 wherein said first and 
second attenuating devices each have a respective characteristic such 
that the firsland second fundamental frequencies are from approximately 
ten times to \venty times a high pass bandwidth of a respective 
combination ofWid first and second frequency dependent amplifiers, 
said first and second attenuating devices and said third frequency 
dependent amplifiekand said third attenuating device. 

27. The frequency transforming apparatus of claim 25 wherein said first, 
second and second frequency dependent amplifiers each amplifies an 
input by a respective predetermined gain factor, 

wherein said first frequency dependent feedback device comprises: 
a first frequency dependent gain determining impedance in 
communication wtth said first amplifier, wherein a first 
maximum gain of said first frequency dependent amplifier 



occurs at the first fundamental frequency, and 
wherein said second frequency\ependent feedback device 



comprises: 

a second frequency dependent gain determining impedance in 
communication with said Second amplifier, wherein a second 
maximum gain of said second^ frequency dependent 
amplifier occurs at the second fundamental frequency. 
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28. The frequency transforming apparatus of claim 27 wherein said first 

amplifier comprises: 

a f Lt pair of cross-coupled MOS transistors having a drain of 
5 e\ch of said first pair of cross-coupled MOS transistors 

beiig in communication with a gate of the other of said first 
pair\of cross-coupled MOS transistors and to a 
3 corresponding terminal of said first frequency dependent 

gain determining impedance; 
2 10 a first currenlsource having a first terminal in communication 

with a souke of a first one of said first pair of cross-coupled 



U MOS transistors and with a first terminal of said first 

attenuating deVice; and 
a second current source having a first terminal in 
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communication with a source of a second one of said first 
pair of cross-coupled MOS transistors and with a second 
terminal of said firs|attenuating device, and 

wherein said second amplifier comprises: 

a second pai mwss^couWd M ^ 



of each of said second pair of cross-coupled MOS 
transistors being in communication with a gate of the other 



of said second pair of cros&coupled MOS transistors and to 
a corresponding terminal of said second frequency 
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Vjependent gain determining impedance; 

a thiffl current source having a first terminal in communication 
wit\ a source of a first one of said second pair of cross- 
coupjed MOS transistors and with a first terminal of said 
second attenuating device; and 

a fourth clrent source having a first terminal in communication 
with a source of a second one of said second pair of cross- 
coupled MOS transistors and with a second terminal of said 
second attenuating device. 



29. The frequency transforming apparatus of claim 27 wherein each of said 
hst and second frequency dependent gain determining impedance 

comprises: ^ 

at least one inductor in communication with a respective one of said 
first and second amplifier\and a first terminal of a voltage source; 
and 

at least one capacitor in communication with said a respective one of 
said first and second amplifiers and a second terminal of the 



"voltagesourceT 




30. The frequency transforming apparatus df, claim 29 wherein the first 



second and third attenuating devices each comprises a capacitor 
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The frequency transforming apparatus of claim 27 wherein said first and 
second oscillators each comprise another attenuating device, 

wherein saidfirst and second amplifiers each comprises: 

a first pairbf cross-coupled MOS transistors of a first conductivity 
type having a drain of each of said first pair of cross-coupled 



MOS transistors being in communication with a gate of the 
other of said first pair of cross-coupled MOS transistors and to a 

corresponding terminal of a respective one of said frequency 

\\ 

dependent gain determining impedances; 



a first current souree in communication with a source of one of said 
first pair of crossllcoupled MOS transistors of the first 
conductivity type and with a first terminal of a respective one of 



said attenuating devices; 



a second current source in communication with a source of a 
second one of said first pair of cross-coupled MOS transistors 
of the first conductivityW© and with a second terminal of a 
respective one of said attenuating devices; 

^-serond^air-of-eross-GOuplfed^ 



conductivity type wherein adrain of each of said second pair of 
cross-coupled MOS transistors is connected to a gate of the 



other of said second pair of cross-coupled MOS transistors and 
to one terminal of a respective one of said frequency dependent 

V 
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jain determining impedances; 
a th\d current source in communication with a source of one of 
said second pair of cross-coupled MOS transistors and with a 
firstWminal of a respective one of said other attenuating 
devices; and 



a fourth current source in communication with a source of the other 
of said second pair of cross-coupled MOS transistors of the 
second conductivity type and to a fourth second terminal of a 
respective one of said other attenuating device. 



The frequency transforming apparatus of claim 31 wherein said 
attenuating device and said\ther attenuating device each comprises a 
first capacitor. 

The frequency transforming apparatus of claim 32 wherein said 
attenuating device and said other ^attenuating device each comprises a 
second capacitor. 



20 



-34: — The lrequency transf ormingapparatustof claim-25-wherein-said-ffequency- 
dependent coupling circuit is selected from the group of coupling circuits 
consisting of phase shifters, frequency miners, frequency shifters, 
modulators, and demodulators. 
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A rWiple frequency oscillation circuit having low phase noise, 
comprising: 

a first oscillator having a first fundamental frequency comprising: 
a first frequency dependent amplifier; 

a firstVequency dependent feedback device in communication with 
an octtput of said first frequency dependent amplifier and an 
input ofteaid first frequency dependent amplifier; and 
a first attenuating device in communication with said first frequency 
dependent amplifier to attenuate noise signals having a frequency 
much less than thfe first fundamental frequency; 
a second oscillator having a second fundamental frequency 
comprising: 

a second frequency dependent amplifier; 
a second frequency dependent feedback device in communication 

with an output of said second frequency dependent amplifier 

and an input of said secondVequency dependent amplifier; and 
a second attenuating device in communication with said second 

frequency dependent amplifier toWtenuate noise signals having 
a"freqTrency"muchiessihan theseoondfundamefital^ 

frequency; and 

a frequency dependent coupling circuit having a^third fundamental 
frequency in communication with an output of v the first oscillator and 
an input of the second oscillator, said frequencyWpendent 
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coupling\jrcuit comprising: 
a third frequenc^amplifier, and 

a second attenuating^vice in communication with said third 
frequency dependent amplifier to attenuate noise signals having 
frequencies much less than thfeqhird fundamental frequency. 
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37. 
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The multiple frequency oscillation circuit of claim 35 said first and second 
attenuating devices each has a respective characteristic such that the first 
and second fundamental frequencies are from approximately ten times to 
twenty times a high pass bandwidth of a respective combination of said 
first and second frequency dependent amplifiers, said first and second 
attenuating devices and said third frequency dependent amplifier and 
said third attenuating device 

The multiple frequency oscillation circuit of claim 35 wherein said first, 
second and second frequency dependent amplifiers each amplifies an 
input by a respective predetermineckgain factor, wherein said first 
frequency dependent feedback device comprises: 
afirst frequency dependenfgain\determining-impedancein 



communication with said first amplifier, wherein a first maximum 
gain of said first frequency dependent amplifier occurs at the 
first fundamental frequency, and 
wherein said second frequency dependen\ feedback device 
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composes: 

a secortd frequency dependent gain determining impedance in , 
communication with said second amplifier, wherein a second 
maximum gain of said second frequency dependent amplifier 
occurslat the second fundamental frequency 
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38. The multiple frequency oscillation circuit of claim 37 wherein said first 
amplifier comprises^ 

a first pair of crosVcoupled MOS transistors having a drain of each of 
said first pair of\cross-coupled MOS transistors being in 
communication lith a gate of the other of said first pair of cross- 
coupled MOS traListors and to a corresponding terminal of said 
first frequency dependent gain determining impedance; 

a first current source having a first terminal in communication with a 

\ 

source of a first one af said first pair of cross-coupled MOS 
transistors and with a %3t terminal of said first attenuating device; 
and 

a second current source havifog a first terminal in communication with 

v 

a soarce of a seeond one o1-said-first-pair-of-cross=coupled-MOS_ 



20 



transistors and with a second terminal of said first attenuating 
device, and 
wherein said second amplifier comprises: 

a second pair of cross-coupled MOS transistors having a drain 
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bf each of said second pair of cross-coupled MOS 
transistors being in communication with a gate of the other 
ofWid second pair of cross-coupled MOS transistors and to 
a corresponding terminal of said second frequency 
dependent gain determining impedance; 
a third curfient source having a first terminal in communication 
with a source of a first one of said second pair of cross- 



20 



coupled MOS transistors and with a first terminal of said 
second attenuating device; and 



cn 

I 

$ a fourth current source having a first terminal in communication 

with a sourcl of a second one of said second pair of cross- 

V 

VI 

coupled MOSvtransistors and with a second terminal of said 
second attenuating device. 



S9. The multiple frequency oscillation circuit of claim 37 wherein each of said 
first and second frequency dependent gain determining impedances 
comprises: 

at least one inductor in communication with a respective one of said 
first-and-seeond-amplif^ 



and 

at least one capacitor in communication with said a respective one of 
said first and second amplifiers ano\a second" terminal of the 
voltage source. 
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40. The multiply frequency oscillation circuit of claim 39 wherein said first, 
second and\third attenuating devices each comprises a capacitor. 



l3 



m 

M 

S\ 

(St E 

iU 



Q 



10 



15 



41 . The multiple frequency oscillation circuit of claim 37 wherein said first and 
second oscillator^ each comprises another attenuating device, 
wherein said fi\t and second amplifiers each comprises: 
a first pairof cross-coupled MOS transistors of a first 

conductivity type having a drain of each of said first pair of 
cross-coulled MOS transistors being in communication with 
a gate of th\ other of said first pair of cross-coupled MOS 
transistors ana to a corresponding terminal of a respective 
one of said frequency dependent gain determining 
impedances; 

a first current source in communication with a source of one of said 
first pair of cross-coupled MOS transistors of the first 
conductivity type and with a first terminal of a respective one of 

said attenuating devices; 
^a-secondcurrentsource-in-eoifimufiieation-with-a-source-of-a- 



20 



second one of said first pairtof cross-coupled MOS transistors 

of the first conductivity type and with a second terminal of a 

\\ 

respective one of said attenuating devices; 
a second pair of cross-coupled MOS transistors of a second 



54 



/ 



MV99-002 



0 



Li i 



M 

fu 



£3 



10 



15 



42. 



V conductivity type whereby a drain of each of said second pair of 
Voss-coupled MOS transistors is connected to a gate of the 
other of said second pair of cross-coupled MOS transistors and 
torone terminal of a respective one of said frequency dependent 
gain determining impedances; 

a third current source in communication with a source of one of 
said sicond pair of cross-coupled MOS transistors and with a 
first telninal of a respective one of said other attenuating 
devices }\and 

a fourth current source in communication with a source of the other 
of said sectand pair of cross-coupled MOS transistors of the 
second conductivity type and to a fourth second terminal of a 
respective orL of said other attenuating device. 



The multiple frequency oscillation circuit of claim 41 said attenuating 
device and said other attenuating device each comprises a first capacitor. 



20 



43. The multiple frequency oscillation circuit of claim 42 wherein said 



attenuating-device-and-said-ot^r-attenuating deviGe-each-comprises-a- 
second capacitor. 




44. The multiple frequency oscillation circuit of claim 35 wherein said 

frequency dependent coupling circuit\generate phase shifts of the first and 
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secon^undamental frequencies. 



45. The multiple frequency oscillation circuit of claim 44 wherein the first and 
second fundamental frequencies 90° out of phase. 



A quadrature oscillator circuit having low phase noise, comprising: 
a first oscillated having a first fundamental frequency comprising: 
a first frequency dependent amplifier device; 
a first frequency dependent feedback device in communication with 
an output ofWid first frequency dependent amplifier and an 
input of said fflst frequency dependent amplifier to feed a 
portion of an amplified signal having the first fundamental 
frequency to an ir\put of said first frequency dependent 
amplifier; and 

a first attenuating deviceWi communication with said first frequency 
dependent gain amplifier for reducing the gain of said first 
frequency dependent amplifier for signals having frequencies 
much less than the first fundamental frequency to decrease said 



phase~noise;and 

a first frequency dependent couplinacircuit having a second 

fundamental frequency having an\nput in communication with the 
output of the first frequency dependent amplifier, said first 
frequency dependent coupling circuitfcomprising: 



a second frequency dependent amplifier, and 

a second attenuating device in communication with said second 
frequency dependent amplifier for reducing the gain of said 
frequency dependent amplifier for signals having frequencies 
much l^ss than said second fundamental frequency to decrease 
said phase noise; 
a second oscillitor to generate a second fundamental signal having a 

third fundamental frequency having low phase noise, in 

communication with an output of the second frequency dependent 

amplifier, and said second oscillator comprising: 

a third frequency dependent amplifier; 

a third frequency dependent feedback device in communication 
with an output of\aid third frequency dependent amplifier and 
an input of said th\l frequency dependent amplifier to feed a 
portion of an amplified signal having the third fundamental 
frequency to an input qsaid third frequency dependent 
amplifier; and 

a third attenuating device in communication with the third frequency 
dependent^mplifieMoH'eduWn^ 



dependent amplifier for signals having frequencies much less 
than the third fundamental frequency to decrease the phase 
noise; and 

a second frequency dependent coupling^circuit having a fourth 
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fundamental frequency having an input in communication with the 
output of said third frequency dependent amplifier and the input of 
said firet frequency dependent such that a phase of the third 
fundamental frequency is reversed relative to a phase of the first 
5 fundamental frequency, and comprising: 

a fourth frequency dependent amplifier, and 
a fourth attenuating device in communication with said second 
P frequencyqependent amplifier for reducing the gain of said 

fourth frequency dependent amplifier for signals having 
frequencies mtach less than said fourth fundamental frequency 
rss to decrease the\)hase noise. 



sj 10 
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W 47. The quadrature oscillator circutt of claim 46 wherein said first, second, 
51 third and fourth attenuating devices each has a characteristic such that 
is the first, second, third and fourth fundamental frequencies are each from 
approximately ten times to twenty tiWs a high pass bandwidth of a 
respective combination of said first frequency dependent amplifier and 
said first attenuating device and of said^third frequency dependent 
amplifier and said-third-attenuating devieev 



48. The quadrature oscillator circuit of claim 46^wherein said first, second, 
third and fourth frequency dependent amplifiers each amplify an input 
signal by respective predetermined gain factors, wherein said first, 
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secoru, third and fourth frequency dependent each comprises: 

a frequency dependent gain determining impedance in communication 
wit\ a corresponding one of said first, second, third and fourth 
frequency dependent amplifiers, wherein the maximum gain of 
each c\ said corresponding one of said first, second, third and 
fourth frequency dependent amplifiers, occurs at a respective one 
of the firsl second, third and fourth fundamental frequencies. 



Jj 49. The quadrature oscillator circuit of claim 48 wherein each of said first, 



Hi 10 second, third and fou^h amplifiers comprises: 

a pair of cross-coupled MOS transistors whereby a drain of each of 



pair of cross-coupled MOS transistors is in communication with a 
gate of another oneW said pair of cross-coupled MOS transistors 
and said frequency dependent gain determining impedance; 

a first current source in communication with a source of one of said 
pair of cross-coupled M©S transistors and to a first terminal of a 
voltage source and to a ™t terminal of a respective one of said 
first, second, third and fourth attenuating devices; and 

-a second current-source in-eommunieation-with-a souree-of-the other- 



20 one of said pair of cross-coupfed MOS transistors and to a first 

terminal of a respective one of s^aid first, second, third and fourth 
attenuating devices. 
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50. The quadrature oscillator circuit of claim 48 wherein each of said first, 
second, thirAand fourth frequency dependent gain determining 
impedances comprises: 

at least one inductor in communication with of a respective one of said 

first, second\third and fourth amplifiers and a second terminal of 

the voltage source; and 
at least one capac\)r in communication with of a respective one of 

said first, second\third and fourth amplifiers and a third terminal of 

the voltage sources 

51 . The quadrature oscillator circYiit of claim 50 wherein each of said first, 
cecond, third and fourth attenuating devices comprises a capacitor. 



52. The quadrature oscillator circuit oi claim 48 wherein each of said first, 
second, third and fourth amplifiersWriprises: 
an additional attenuating device;^ 

a first cross-coupled pair of MOS ttansistors of the first conductivity 
type having a drain of each of said first cross-coupled pair of MOS 



transistors incommunication withWgateof the-other-of-said4irst- 
cross-coupled pair of MOS transistors and to a terminal of a . 
respective one of said first, second \iird and fourth frequency 
dependent gain determining impedances; 



a first current source in communication with a source of one of said 
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first cross-coupled pair of MOS transistors and to a first terminal of 

respective one of said first, second, third and fourth attenuating 
ievices; 

a second current source in communication with a source of the other 
saia first cross-coupled pair of MOS transistors and to a terminal of 
a respective one of said first, second, third and fourth attenuating 
devices; 



*S a second cVoss-coupled pair of MOS transistors of the second 

m \ 

Tq conductivity type have a drain of each of second cross-coupled pair 

Hi 10 of MOS transistors in communication with a gate of the other of 

fU second crosVcoupled pair of MOS transistors and to the first 

terminal of a respective one of said first, second, third and fourth 



id 

^ attenuating devices; 



a third current source in communication with a source of one of said 
is second cross-cou^Jed pair of MOS transistors and to a first 
terminal of said additional attenuating device; and 
a fourth current source in communication with a source of the other of 
said second cross-coupled pair of MOS transistors and to a 
second-terminai-ofsaid^additional-attenuating-deviee^ 



53. The quadrature oscillator circuit of claim 52 wherein said first, second, 
third and fourth attenuating devices each comprises a first capacitor. 
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54. The quadrature oscillator circuit of claim 52 said additional attenuating 
device comprises a second capacitor. 



55. The quadrature oscillator circuit of claim 46 wherein said second 
frequency dependent coupling circuit generates a phase shift of the 
second fundamental frequency. 



56. 




A differential amplifier possessing low phase noise, comprising: 

a tirstMransistor having a first terminal to receive an in-phase signal, 

and ksecond terminal to provide an out-of-phase signal; 
a second transistor having a first terminal to receive the out-of-phase 

signal, ancNa second terminal to provide the in-phase signal; 
a first biasing source in communication with a third terminal of said first 

transistor and a first terminal of a voltage source; 
a second biasing source in communication with a third terminal of the 
second transistor and the first terminal of the voltage source; and 
a capacitor in communication\with the third terminal of said first 

transistor and the third terminal of said second transistor, said 
capacitordecreases-garn of saiGhdifferential-amplifier-at-low 



frequencies to eliminate phase noise components from the in- 
phase and the out-of-phase signals. 



57. The differential amplifier of claim 56 wherein a higta pass bandwidth of 
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said differential amplifier is determined as follows: 



BW = 



2nCc 



jere: 

BW\s the high pass bandwidth, 

is the transconductance of said first and 
second transistors as measured at the third 
terminate, and 

Cc is the v^lue of said capacitor, 
wherein the high pass bandwidth is less ftjan a cutoff frequency of a 
■ circuit employing said differential amplifier. 

58. The differential amplifiers claim 57 wherein the cutoff frequency of the 
circuit containing said differential amplifier is from approximately 10 times 
to approximately 20 times \he high pass bandwidth of said differential 
amplifier. 



5 9. The differential amplifier of flajm 56 wherein said first and second 



60. 



transistors are selected from the group of transistors consisting of NMOS 



transistors, PMOS transistors, and bipolar transistors. 

V " . 

The differential amplifier of claim 56\wherein said first and second biasing 
sources are selected from the group of biasing sources consisting of 
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current sources and resistors. 



61 . \ An oscillator having a fundamental frequency and having low phase noise 
>mprising: 

frequency dependent amplifier means for amplifying a signal; 
frequency dependent feedback means for providing feedback to said 

frequency dependent amplifying means; and 
attenuating means for attenuating noise signals having a frequency 
much\|ess than the fundamental frequency. 



62. A method of generating a signal having a fundamental frequency with low 
noise comprising tire steps of: 

(a) amplifying a signal; 

(b) providing feebackto step (a); and 

(c) attenuating the sigrial in step (a) having a frequency much less 
than the fundamentalVequency. 

63. An LC oscillator having a fundame\tal frequency and having low phase noise 
comprising: 

a frequency dependeTit"aTh^lifieiNcomprisingr 

a pair of cross-coupled MOSi transistors of a first conductivity 
type, a drain of each of saud pair of cross-coupled MOS 
being in communication withV gate of the other one of said 
pair of cross-coupled MOS transistors, 
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a first current source in communication with a source of one of 
said pair of cross-coupled MOS transistors, wherein said first 
current source comprises a first programmable resistance, 
vand 

a sefeond current source in communication with a source of 
another of said pair of cross-coupled MOS transistors, 
wherein said second current source comprises a second 
programmable resistance; 
a frequency dependent gain determining circuit comprising 

a first inductor\n communication with the drain of said one of 
said pair of cross-coupled MOS transistors and a first 
terminal of a voltage source, 
a second inductor in communication with the drain of the other 
of said pair of cross\coupled MOS transistors and the first 
terminal of the voltage source, 
a first capacitor in communication with the drain of said one of 
said of said pair of cross-coupled MOS transistors and a 
second terminal of the voltagje source, and 



a second capacitor in communication-with the-drain-of theother- 
20 of said pair of cross-coupled MOS transistors and the 

second terminal of the voltage source. 

64. The LC oscillator of the claim 63, wherein the first curtent source comprises 
a first inductor in communication with said first programmable resistance, and 
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wherein theYsecond current source comprises a second inductor in 
communication with said second programmable resistance. 
65. An LC oscillatonhaving a fundamental frequency and having low phase noise 

comprising: 

a frequency dependent amplifier comprising: 

a pair of\ross-coupled MOS transistors of a first conductivity 
type, a Vain of each of said pair of cross-coupled MOS 
being in communication with a gate of the other one of said 
pair of crossrcoupled MOS transistors, 
a first current source in communication with a source of one of 
said pair of crosVcoupled MOS transistors, wherein said first 
current source comprises a first programmable inductance, 
and 

a second current source ita communication with a source of 
another of said pair of cross-coupled MOS transistors, 
wherein said second curreV source comprises a second 
programmable inductance; \ 

a frequency dependent gain determiningWcuit comprising 

a first inductor in communication withttie drain of said one of 
said pair of cross-coupled MOS transistors and a first 
terminal of a voltage source, 
a second inductor in communication with tne drain of the other 
of said pair of cross-coupled MOS transistors and the first 
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terminal of the voltage source, 
aVst capacitor in communication with the drain of said one of 
saW of said pair of cross-coupled MOS transistors and a 
second terminal of the voltage source, and 
a second capacitor in communication with the drain of the other 
of said pair ofxcross-coupled MOS transistors and the 
second terminal of the voltage source. 

66.The LC oscillator of the claim 10, wherein said first current source comprises 
a first programmable resistance, and wherein said second current source 
comprises a second programmable resistance 



67. The LC oscillator of trite claim 10, wherein said first current source comprises 
a first programmable inductance, and wherein said second current source 
comprises a second programmable inductance. 
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